The cytokine interleukin-1 (IL-1) has been implicated in rheumatoid arthritis, septic shock, inflammation and other physiological situations1>2). Two different IL-1 gene sequences (IL-1a and IL-1/?) have been described3'40. Interleukin-1/? converting enzyme (ICE) is a unique cysteine-containing heterodimeric protease which cleaves the inactive precursor of IL-1/? into biologically active IL-l/?5'6). IL-1/? is released from macrophage-like cells following inflammatory stimulation, and is the major form of IL-1 in diseases. ICE inhibitors therefore might be useful as anti-inflammatory agents7). During the course of our screening to obtain ICE inhibitors from microorganisms, we found metabolites of Streptomyces sp. E-1507 which inhibited ICE. The compounds, El-1507-1 and -2, were isolated from culture broths. In this article, we describe the taxonomy and fermentation of the producing strain, as well as the isolation, chemical structures and some biological properties of El-1507-1 and -2.
Materials and Methods Materials
Recombinant human ICE was prepared by heterologous expression in Escherichia coli and in vitro refolding as described8).
The enzyme was purified by ion exchange chromatography8).
Acetyl-Tyr-Val-Ala-Aspamino-4-methylcoumarin (Ac-Tyr-Val-Ala-Asp-AMC)5), fluorescent substrate, was purchased from Peptide Institute, Inc., Osaka, Japan. All other chemicals were of analytical grade.
Microorganism 333
The producing strain E-1507 was isolated from soil collected in Yamagata prefecture, Japan. The strain has been deposited at the National Institute of Bioscience and Human-Technology, Agency of Industrial Science and Technology, Tsukubashi, Ibaraki, Japan, as Streptomyces sp. E-1507 with the accession number FERM Taxonomical Characterization Cultural and physiological characteristics of strain E-1507 were determined by the methods of the International Streptomyces Project9) (ISP). Color codes were assigned to the substrate and aerial mycelial pigments according to the Color Harmony Manual10). Morphology of the strain was ascertained by light and scanning electron microscopy (HITACHIS-570). The temperature ranges for growth of the strain were determined after submerged cultivation using ISP No. 5 medium for 7 days. Analysis of diaminopimelic acid was performed on the hydrolysate of aerial mycelia grownon solid ISP No. 4 medium as described previously11Ĉ ulture and Media Conditions A loopful of cells from a mature slant culture was inoculated into each of five 50-ml test tubes containing 10ml of seed medium composed of glucose 1%, soluble starch 1%, yeast extract (Nihon-Seiyaku) 0.5%, Bacto- Tryptone (Difco) 0.5%, beef extract (Kyokuto) 0.3%, KH2PO4 0.1%, MgSO4-7H2O 0.05% and Mg3(PO4)2-8H2O 0.05% in deionized water (pH adjusted to 7.0 with NaOHbefore sterilization).
The inoculated tubes were incubated on a reciprocating shaker at 28°C for 3 days. Five ml of the seed culture were added to a 300-ml Erlenmeyer flask containing 45 ml of the same medium. Eight inoculated flasks were incubated for 2days on a rotary shaker (200rpm) at 28°C. Fifty ml of the seed culture were added to a 2-liter Erlenmeyer flask containing 350 ml of the same medium. Six inoculated flasks were incubated for 2days on a rotary shaker (200rpm) 
Detection of Cell Survival
The cytotoxicities of El-1507-1 and -2 against THP-1 cells were examined by the MTT (3-[4,5- 
MTTsolution ( 
Analytical Conditions
Melting points were determined on a Yanagimoto micro melting point apparatus and are unconnected. Optical rotations were measured on a Jasco DIP-370 digital polarimeter. Low resolution FAB-MS and HRFAB-MSspectra were measured on a JEOL HX1 10A mass spectrometer using ra-nitrobenzyl alcohol as a matrix. UVspectra were recorded on a Shimadzu UV-2200spectrophotometer and IR spectra on a JEOL JIR-RFX3001 FT-IR spectrophotometer.
AH and 13C
NMR spectra were obtained on a Bruker AM500 spectrometer in CDC13 solution. Chemical shifts are given in ppm using TMSas an internal standard and coupling constants are in Hz.
Results
Characterization of the Producing Strain E-1507 Strain E-1507 grew well or moderately on seven agar media, but not on nutrient agar as shown in Table 1 . The color of the aerial mycelia was white to putty on the agar media. Brownor light brown soluble pigment was observed on ISP No. 2, No. 4, No. 5, No. 7 and glucose-asparagine agar media after 14days (Table 1) . The aerial mycelia were moderately short with simple branches and formed spiral spore chains of 10 or more. The spores were ellipsoidal, smooth and 0.7 to 0.9/mi by 1.0 to 1.2/im. No fragmentation of substrate mycelia was observed, and sclerotia, sporangia, or flagellated spores were not formed in cultures. The physiological characteristics of strain E-1507 are shown in Table 2 . Analysis of cell hydrolysates of the strain revealed that the cell walls contained LL-diaminopimelic acid. These Table 2 . Physiological properties of strain E-1507. Fermentation broth (171iters) Structure Elucidation Physico-chemical properties of EI-1507-1 (1) and -2 (2) are summarized in Table 3 . The structures of 1 and 2 were determined as shown in Fig. 2 and found to be novel compounds.
The molecular formula of 1 was determined by high resolution FAB-MS to be C20H18O6. The 13C NMR spectrum (Table 4) showed twenty carbon signals appropriate for the molecular formula, indicating the presence of two carbonyl carbons and ten olefinic and/or aromatic carbons. The structure elucidation of 1 was based principally on 2D NMRanalyses. Analysis of COSY data readily showed the existence of a three proton spin system (9-H to ll-H) and a two proton spin system (5-H and 6-H). One bond proton-carbon connectivities were determined by a heteronuclear single quantum coherence (HSQC) experiment, which was then followed by a heteronuclear multiple bond correlation (HMBC) experiment to assign the long range proton-carbon couplings. The long range couplings observed in the HMBC spectrum revealed that the methoxyl group (3.94 ppm) was attached to the aromatic carbon at 156.7ppm (C-8) and the methyl group (1.38 ppm) to the oxygen-bearing quarternary carbon at 70.7 ppm (C-3). A NOESYexperiment further supported these partial structures by showing cross peaks between the following pairs of protons: methoxyl at C-8 to 9-H (7.12ppm), methyl at C-3 to 2-H2 (2.60, 3.00ppm) and Coupling constants in Hz are given in parentheses. *H and 13C NMR spectra of2 were almost similar to 1, but significant differences between them were found at C-12 (1: 193.1ppm; 2: 69.9ppm ) and 12-H (2: 6.14 ppm) indicating the carbonyl carbon of 1 was replaced by the hydroxymethine carbon in 2. This finding was confirmed by FAB-MS data of 2 (m/z 357 (M+H)+) appropriate for the dihydro derivative of 1. This structure was supported by the HMBC and NOESYdata summarized in Fig. 3 . El-1507-1 and -2 inhibited the enzymic activity of human ICE in a dose-dependent manner (Fig. 4) ; IC50 values were calculated to be 0.23 and 0.42fiM, respectively. The specificity of EI-1507-1 and -2 was examined by testing them against cathepsin B (another thiolcontaining protease) and elastase. EI-1507-1 and -2 were inactive against these two enzymesat concentrations up to 2S fiM. These data affirm the specificity of EI-1507-1 and -2 against ICE and are summarized in Table 5 .
Inhibition of ICE
Biological Properties In order to determine whether EI-1507-1 and -2 were efficacious even in intact cells, we investigated the effects of EI-1507-1 and -2 on the extracellular release of IL-1/? from THP-1 cells.
EI-1507-1 and -2 inhibited IL-1£ secretion in dose-dependent manners (Fig. 5) ; IC50 values were calculated to be 1.1 and 1.4jam, respectively. On the other hand, 50% cell survival doses of EI-1507-1 and -2 were calculated to be 90 and 163^m, respectively (as shown in Fig. 5) . Cell viabilities at a concentration of 14fiM, at which EI-1507-1 and -2 completely inhibited IL-1/? secretion from THP-1 cells were more than 90%. L-741,498 is the only ICE inhibitor isolated previously from a microbial source24), but its activity is less than those of El-1507-1 and -2. In this paper, we showed also that El-1507-1 and -2 inhibited IL-ljS secretion from LPS-stimulated THP-1 cells. This inhibition was not due to toxic effects of the El-1507s as shown in Fig. 4 . These results suggest that El-1507s would be effective even in vivo.
IL-1/?, generated by ICE, is implicated in the pathophysiology of various diseases2), but details of this implication are still unclear. Recently, it was reported that ICE was homologous to the Caenorhabditis elegans cell death gene and responsible for apoptosis25'26).
El-1507s would be useful for clarifying the true pathophysiological and physiological roles of ICE.
